Background: Depression is common in people with Alzheimer's disease (AD) affecting overall outcomes and decreasing quality of life. Although depression in AD is primarily treated with antidepressants, there are few randomized controlled trials (RCTs) assessing efficacy and results have been conflicting. Objectives: To systematically review evidence on efficacy of antidepressant treatments for depression in AD. Methods: Systematic review and meta-analysis of double blind RCTs comparing antidepressants versus placebo for depression in AD. We searched MEDLINE, CINAHL, EMBASE, PsycINFO, the Cochrane Controlled Trials Register and on line national and international registers. Primary outcomes were treatment response and depressive symptoms. Secondary outcomes were cognition, acceptability, and tolerability. Risk of bias was also assessed. Results: Seven studies met inclusion criteria. Three compared sertraline with placebo; one compared both sertraline and mirtazapine to placebo; imipramine, fluoxetine, and clomipramine were evaluated in one study each. In terms of response to treatment (6 studies, 297 patients treated with antidepressants and 223 with placebo), no statistically significant difference between antidepressants and placebo was found (odds ratio (OR) 1.95, 95% CI 0.97-3.92). We found no significant drugplacebo difference for depressive symptoms (5 studies, 311 patients, SMD -0.13; 95% CI -0.49 to 0.24). Overall quality of the evidence was moderate because of methodological limitations in studies and the small number of trials. Conclusion: Despite the importance of depression in people with AD, few RCTs are available on efficacy of antidepressants, limiting clear conclusions of their potential role. There is a need for further high quality RCTs.
INTRODUCTION
Alzheimer's disease (AD) is a primary neurodegenerative dementia and is one of the leading causes of disability in older people [1, 2] . While progressive 726
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depression [11] , and younger age at onset of dementia are risk factors [12] . Depressive symptoms are more common than clinical depression [13, 14] , and are highly persistent [10] . Depression and depressive symptoms increase the risk of behavioral disturbance and accelerate functional decline [15] .
Antidepressants remain the mainstay of treatment for AD patients with depression. This is driven by a lack of alternative treatment options and a perception that antidepressants are effective in this population [16] . In line with a recent clinical review of the literature [17] , there does not appear to be clear evidence from systematic reviews and meta-analyses to support this practice. Several randomized controlled trials (RCTs) testing antidepressants versus placebo have produced conflicting results [18] [19] [20] [21] [22] . In an antidepressants withdrawal study, patients with neuropsychiatric symptoms showed a worsening of depressive symptoms compared to those who continued treatment [23] .
There is conflicting evidence on the effects of antidepressants on cognition, with some studies reporting a beneficial effect [24] [25] [26] and some harmful [27] . Psychological therapies have also been studied for depression in AD, with a systematic review reporting that current evidence is limited due to the small number of trials and varying approaches used [28] .
Use of antidepressants in AD is associated with significant side-effects including hyponatremia [29] , cardiotoxicity [30] and increased bleeding tendency [27, 31, 32] . Effectiveness of antidepressants in AD has been evaluated by narrative reviews [33] , whereas quantitative reviews and meta-analyses have examined effectiveness in all types of dementia but have not included latest studies conducted [34, 35] . In this review, we investigated efficacy and acceptability by conducting a comprehensive, recent, worldwide review of the literature of antidepressants for depression in AD.
METHODS
We searched major health databases such as MEDLINE, EMBASE, CINHAL, PsycINFO, and the Cochrane library for ongoing trials, as well as national and international trial registers, to March 2016. We searched for all depression AD RCTs with additional search terms (including each antidepressant as a separate term, see Supplementary Material for the full search strategy). We scanned the reference lists of all included studies and 82 reviews in the area of depression in AD and other dementias.
Inclusion criteria were: (1) RCTs comparing any single antidepressants with placebo, (2) people with a diagnosis of AD, (3) patients with a diagnosis of depression as confirmed by either Diagnostic and Statistical Manual of Mental Disorders criteria [36] or either disease-specific criteria [14] or a validated rating scale for depression in older people. Validated scales included those used in both clinical and research settings in old age psychiatry [37] , such as the Hamilton Depression Rating Scale [38] , the Montgomery Asberg Depression Rating Scale [39] , and the Cornell Scale for Depression in Dementia [40] .
There were no restrictions in terms of participant characteristics, or class of antidepressants and studies in minor depression in AD were considered eligible. Studies that compared two treatment groups with placebo were included as long as there were separate results reported on the effects of each of the antidepressants. Primary outcomes were response to treatment and mean depression scores between the treatment and placebo groups. Secondary outcomes were cognition, number of drop-outs, and number of adverse events. We used a random-effects model to represent overall estimate effects, and where appropriate, used standardized mean differences as not all studies used the same outcome measures of depression. Heterogeneity was assessed with the chisquared test.
Two reviewers independently extracted data (VO, RN), and any disagreements were resolved with a third author (NT). We used Revman 5.3.5. for data analysis, and the Risk of Bias Tool as recommended by the Cochrane Handbook to assess risk of bias in the included studies, which was assessed independently (VO, RN) (on domains of sequence generation, allocation concealment, blinding, incomplete outcome data, and selective reporting). Disagreement on quality of studies was low and was resolved by authors' consensus. We used the GRADE approach [41] to summarize overall quality of evidence. We identified a total of 3,808 references through database searching and 13 additional references via other sources (reference lists of identified studies and reviews of the literature). After removal of duplicates and clearly irrelevant articles we retrieved 148 full text records. Irrelevant articles were those that were not directly relevant to the study of effectiveness of antidepressants in depression in older people with cognitive impairment and/or dementia. Of the 148 full text records, we excluded 109 as not relevant, leaving 38 full text references to be fully assessed for eligibility. A further 27 were excluded as not meeting criteria of this review (see Supplementary Table 1 for details). We identified one ongoing study [42] (DIADs-3) investigating the effectiveness of venlafaxine, and three trials which were terminated [43] , or completed without published outputs or are of unknown status [44, 45] . A total of 7 studies met the inclusion criteria. Figure 1 shows details of the search process.
RESULTS

Antidepressants versus placebo
Three studies compared sertraline with placebo [19, 21, 46] , one RCT compared both sertraline and mirtazapine to placebo [47] ; imipramine [20] , fluoxetine [22] , and clomipramine [18] were examined in one study each.
Primary outcome
Response to treatment (dichotomous outcome) Efficacy at 6-13 weeks and 24-39 weeks. Six studies (involving 520 patients) contributed data on shortterm response [18, 19, 21, 22, 46, 47] . There was no statistically significant difference on odds of response between antidepressants and placebo (OR 1.95, 95% confidence interval (CI) 0.97 to 3.92, p = 0.06) (see Fig. 2 ). There was significant heterogeneity between studies (I 2 = 61%). Only two studies (involving 359 patients) contributed data on long-term response [46, 47] . The odds of response did not differ between antidepressants and placebo (OR 1.08, 95% CI 0.69 to 1.69, p = 0.74, I 2 = 8%).
Mean depression scores (continuous outcome)
Efficacy at 6-13 weeks and 39 weeks. There were no statistically significant difference between antidepressants and placebo, with a standardized mean difference of -0.13 (95% CI -0.49 to 0.24, five studies, 311 participants) (see Fig. 3 ), with moderate heterogeneity between studies (I 2 = 50%) [19] [20] [21] [22] 47] . Only one study [47] contributed data on longterm response for mean depressive symptoms; mean difference of -0.00 (95% CI -1.77 to 1.77, 1 study, 150 participants).
Secondary outcomes Cognition (MMSE scores) (continuous outcome) Efficacy 6-13 weeks.
Five studies [18-20, 22, 47] provided data for this outcome, showing no statistically significant difference between antidepressants and placebo, with a mean difference of 0.14 (95% CI -1.65 to 1.93, 251 participants, I 2 = 0%, Fig. 4 pants, I 2 = 0%, Fig. 5) , with all studies contributing to the analyses [18-22, 46, 47] . Data from two studies [46, 47] showed that there were no differences between the two groups on number of drop-outs for long-term response (OR 1.31, 95% CI 0.81 to 2.13, p = 0.27; 347 participants, I 2 = 15%).
Tolerability: Number of adverse events (dichotomous outcome) Efficacy 6-13 weeks and 39 weeks.
Although more adverse events were reported by patients in the intervention group, there were no significant differences overall between the two groups (OR 1.91, 95% CI 0.92 to 3.96, p = 0.08; seven studies; [18-22, 46, 47] 632 patients, I 2 = 0%, Fig. 6 ). One trial [47] contributed data on adverse events long-term (OR 1.30, 95% CI 0.67 to 2.54, p = 0.44; 326 participants), with no differences between the two groups. Figure 7 shows authors' judgements about each risk of bias item presented as percentages across all included studies. As can be seen from the graph, bias was detected predominantly in the domains of sequence generation and blinding of outcome, limitations applicable to earlier studies. Using the GRADE approach, the overall quality of evidence was judged as moderate indicative of a possibility that a new trial added to the meta-analysis could change the estimate of the effect (see Supplementary  Figure 1 ). 
Risk of bias and overall quality of evidence
DISCUSSION
We found that the overall evidence of effectiveness for antidepressants in people with AD is small, with only a few clinical trials conducted to date. Our pooled meta-analysis (6 RCTs, 297 patients treated with antidepressants and 223 with placebo) failed to show significant differences between antidepressants and placebo for response to treatment. Although the overall difference between antidepressants and placebo failed to reach accepted levels of statistical significance, the analysis trended toward treatment response (p = 0.06), with the smaller trials contributing a positive effect of antidepressants. Although our overall analyses were negative, we cannot fully rule out a possible clinical advantage of antidepressants because of the paucity of RCTs. As most studies to date except for the Banerjee et al. [47] trial have been small, we conclude that further research is required to definitively confirm or refute effectiveness.
Data from five studies from 311 participants (147 treated with antidepressants and 164 with placebo) showed that antidepressants were not superior to placebo in terms of depressive symptoms. For continuous scores, the majority of studies used the Hamilton Depression Rating Scale for Depression [38] , which has not been validated for use in patients with AD, while the remaining studies used the Cornell Scale for Depression in Dementia [40] . No research evidence or consensus exists as to what constitutes a clinically meaningful difference in depressive symptoms between drug and placebo treatment in AD. The National Institute for Health and Clinical Excellence requires a difference of at least three points as a criterion for clinically significant change in depression in the general population [48] .
When we examined other outcomes, we found no significant differences in drop-out between antidepressants and placebo, and no differences in effect on cognition. For tolerability, although more adverse events were reported in the antidepressant group, there were no significant differences.
Risk of bias analyses showed that although all included studies were double blind RCTs, there was evidence of unclear risk in some domains, mostly within the earlier studies. Based on the GRADE system, we were able to classify the overall quality of evidence as 'moderate' for both treatment response and depressive symptoms, because of methodological limitations and the limited number of trials.
This review followed guidelines set out by the Cochrane Collaboration [49] . We used a comprehensive and sensitive strategy to identify all RCTs reported in the literature, and selection of studies, data extraction, and assessments of risk of bias were independently conducted by two authors. However, there are limitations to our review. Identified RCTs were heterogeneous with regards to participants selected and the type of treatments involved, as the class of antidepressant differed and in two of the trials not all participants had major depression. Duration of exposure to antidepressants also differed and the majority of RCTs contributing data to the meta-analysis had fewer than 50 participants. It was not possible to test for publication bias which may have influenced the results.
Implications for practice and research
The small number of studies and the variations in terms of type of antidepressant tested make it difficult to draw conclusions about the effectiveness of pharmacological treatments for depression in people with AD. There is a need for further welldesigned multicenter RCTs which adhere to high standards of methodology and reporting and include diagnostically homogenous populations and large samples. The lack of evidence base makes it difficult to use this research to inform evidence-based policy about whether antidepressants are effective in treating depression in people with AD.
Interaction effects may have contributed to the results of this review such as type of antidepressant, dose, and severity of depressive symptoms and should be investigated in future research. Results of our review suggest that the pathophysiology of depression in AD may be different to that of primary depression, as indicated by lack of evidence of pathological changes in monoaminergic nuclei in people with AD [50, 51] , and may therefore explain lack of efficacy of conventional antidepressant treatments. An alternative hypothesis to underlying deficits in monoamine neurotransmitters includes deficits in glutamatergic transmission, which has led to a call for further research in identifying biomarkers and treatments for depression in AD that extent beyond the monoaminergic hypothesis [52] .
Despite the limited and contradictory evidence regarding efficacy of antidepressants in AD, they are still commonly prescribed. David et al. reported a significant increase in prescribing rates from 26% in 2010 to 31% in 2014 [53] , and similar rates have been seen in other studies [54, 55] . It is possible that attempts to reduce use of antipsychotics in people with dementia have contributed to this. Given evidence that apathy is a co-morbid factor of depression in AD [56] , associated with different outcomes, it will be important for future studies to report whether people with clinically significant symptoms of apathy are excluded from antidepressants trials research.
To conclude, this is an up-to-date, methodologically rigorous meta-analysis on the efficacy of antidepressants for depression in patients with AD including all available trials. We found no clear evidence to support the efficacy of antidepressants for treating depression in AD. These findings do not mean that people with severe depression and AD should not be treated with antidepressants. Given this review is limited by a paucity of trials, small studies overall and variation in patients recruited, further RCTs are needed to confirm the effects of antidepressants in AD.
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